Cardiovascular diseases (CVDs) are known to be associated with poor sleep quality in general populations, but they have not been consistently associated with specific work schedules. Studies of CVD generally do not simultaneously consider sleep and work schedules, but that approach could help to disentangle their effects. We investigated the association between insomnia and a self-reported physician diagnosis of CVD in day and night workers, considering all sleep episodes during nocturnal and diurnal sleep. A cross-sectional study was conducted in 1307 female nursing professionals from 3 public hospitals, using baseline data from the ''Health and Work in Nursing -a Cohort Study.'' Participants were divided into two groups: i) day workers with no previous experience in night shifts (n=281) and whose data on insomnia were related to nocturnal sleep and ii) those who worked exclusively at night (n=340) and had data on both nocturnal and diurnal sleep episodes, as they often sleep at daytime. Multiple logistic regression analysis was performed. Among day workers, insomnia complaints increased the odds of CVD 2.79-fold (95% CI=1.01-6.71) compared with workers who had no complaints. Among night workers, reports of insomnia during both nocturnal and diurnal sleep increased the odds of reported CVD 3.07-fold (95% CI=1.30-7.24). Workers with insomnia had similar probabilities of reporting CVD regardless of their work schedule, suggesting a relationship to insomnia and not to night work per se. The results also highlighted the importance of including evaluation of all sleep episodes (diurnal plus nocturnal sleep) for night workers.
Introduction
The association between cardiovascular diseases (CVDs) and sleep complaints, such as difficulty falling asleep, sleep maintenance, or duration is well documented in general populations (1, 2) . Myocardial infarction, coronary heart disease, and stroke are related to sleep characteristics in the general population, as shown by epidemiological investigations of insomnia (1-3) and sleep duration (4) .
CVDs are also thought to be associated with shift work (5-9) because of circadian stress caused by i) psychosocial mechanisms related to work stress, work-family conflicts, and the difficulty of recovering after work; ii) physiological mechanisms that influence inflammation, blood clotting, blood pressure, and activation of the autonomic nervous system and hypothalamic-pituitary-adrenal (HPA) axis; and iii) behavioral factors such as physical inactivity, weight gain, nutritional changes, smoking, and sleep duration and quality (10) . All of these pathways have been linked directly or indirectly to sleep disturbances (11) (12) (13) (14) . For instance, a review of the association between insomnia and CVD shows that any deterioration in sleep quality or quantity may be associated with increases in nocturnal blood pressure and heart rate. Inflammation was proposed as a possible explanation for this association because sleep loss is associated with increased cellular inflammatory signaling (1) .
Although the relationships between CVD and sleep complaints are well known in general populations, the influence of work schedules has not been widely evaluated. In this context, a specific characteristic of night workers is that they often sleep during the day. Therefore, the analysis of their sleep should include day sleep, not only because that is when they sleep, but also because diurnal sleep corresponds to a chronobiological challenge with possible health repercussions (15) .
Studies of CVD that simultaneously investigate sleep complaints and work schedules could help to disentangle their effects; that is, determine whether the CVDs are related to night work per se, or whether the relationship is dependent on sleep complaints. The aim of this study was to investigate the association between complaints of insomnia and self-reported physician diagnosis of CVD in day-and night-shift nursing workers, considering all sleep episodes.
Subjects and Methods
This cross-sectional study was conducted in nursing professionals (i.e., nursing aides/assistants and registered nurses) from 3 public hospitals in Rio de Janeiro, Brazil (N=1509). Regarding the tasks carried out by nursing workers, nursing aides and assistants perform activities involving participation in nursing help, hygiene care, and patient comfort. According to Brazilian legislation, nursing aides and assistants can carry out their activities only with orientation and supervision provided by professional nurses. Nurses perform administrative functions, manage personnel and procedures, and care for seriously ill patients, including those whose condition requires knowledge of its scientific basis, performance of more complex procedures, or making immediate decisions.
All nursing workers (registered nurses, nursing aides/ assistants) who provided patient care were invited to participate. Only female workers (n=1307) were included in the present analysis because of sex differences in sleep complaints (16) . The procedures used to contact workers complied with ethical guidelines for conducting research with human subjects, as follows. The study was briefly explained to participants; they were informed that involvement was completely voluntary and that they could withdraw at any time with no negative ramifications. All participants signed the consent forms. The project was approved by the ethics committees of the Oswaldo Cruz Foundation and the participating hospitals.
Data were collected using a comprehensive questionnaire examining work-health relations among nursing personnel. Respondents were asked to provide information about their socio-demographic characteristics, physical and mental health symptoms, lifestyles, and management of time spent in nonprofessional activities (age, marital status, education degree, monthly income, smoking, physical activity, body mass index, sleep complaints, self-report of physician diagnosis of CVD, domestic work hours, professional work hours, professional category, time spent performing nursing activities, and number of working nights). The instrument also included scales evaluating psychosocial factors at work (demand-control and effort-reward imbalance). The questionnaire comprised two parts to accommodate the complexity of defining work schedules for nursing professionals due to the large number of workers holding two jobs in Brazilian hospitals (17, 18) and to changes in individual work schedules (19) . For the first part, trained interviewers recorded information provided by participants, including insomnia complaints, to increase the accuracy of the data. The second part, which included the self-reported physician diagnosis of CVDs, was selfadministered after the interviewers explained the purpose of the research and provided instructions on how to complete the questionnaire (17, 18) .
Variable definitions and classification
Work schedules. To exclude the possible influence of past experience with night work on insomnia complaints (18) all analyses of day workers only included workers with no previous night-work experience. This group was compared with those who worked only at night at the time of data collection. This procedure was designed to allow the comparison of homogeneous groups based on current work schedules (day or night only), regardless of the number of jobs held.
Interviewers asked the question ''Do you regularly (at least once a week/4 times a month) work night shifts in nursing assistance somewhere?'' to classify participants' work schedules at all jobs. The interviewers were instructed to define ''regularly'' as ''at least once a week'' when asking the question, and as ''at least 4 times a month'' for participants who considered their weekly schedules to be highly variable. The format of this question was based on the previously observed high variability of an individual worker's number of working nights, which may lead respondents to have difficulty defining the usual number of working nights (17) . Participants who answered ''yes'' were considered current night workers, which is similar to the classification used by Marquie´and Foret (20) . Those who answered ''no'' were classified as day workers.
Day workers' previous experience with night work was defined using the question ''Have you ever worked at night?'' Possible answers were: i) yes, regularly, once a week; ii) yes, regularly, 2 or 3 times a week; iii) yes, regularly, 4 or more times a week; iv) yes, rarely; v) yes, occasionally; and vi) no. Participants who responded that they had regularly worked from 1 to 4 or more times per week were classified as former night workers. Those who responded that they had rarely, occasionally, or never worked at night were classified as day workers with no night-work experience. Previous night-work experience varied from less than 1 year to 26 years. Former night workers (n=400) were excluded from the analysis, as were participants who worked during the day at one job and at night at the second job (n=285). The study sample comprised data from nurses who worked during the day and had no previous experience in night work (n=281) and those who worked only at night at the time of data collection (n=340). There was one participant with missing data.
Self-reported physician diagnosis of CVD. CVDs were classified based on respondents' self-reports of a medical diagnosis of hypertension, coronary disease, myocardial infarction, or heart failure, as defined by the World Health Organization (WHO) (21) . A report of at least one of these diseases diagnosed by a doctor was the criteria used to classify participants. As the question for CVD evaluation was the same for day and night workers and for workers with and without insomnia complaints, we do not expect that differences between the groups resulted from the way this information was obtained.
Insomnia complaints. All workers were asked about insomnia using the following questions: ''In relation to your sleep during the night during the last 4 weeks at home, how often did you: i) have difficulty falling asleep?, ii) wake up and have difficulty going to sleep again?, and iii) wake up before the desired time and not manage to sleep again?'' For all questions, the possible responses were: never/ rarely/sometimes (i.e., no sleep complaint) and almost always/always (i.e., sleep complaint). Respondents who reported any of the described sleep problems were assigned to the insomnia group (22) (23) (24) . Thus, day workers were evaluated for nighttime sleep insomnia.
Moreover, considering that night workers often sleep during the day, the instrument for collecting data included questions about insomnia complaints relating to daytime sleep. The night workers thus answered the following questions: ''In relation to your sleep during the day, before or after a night shift, during the last 4 weeks, how often did you...'', with the same questions and response alternatives used for insomnia complaints related to nocturnal sleep. Thus, while day workers were evaluated for insomnia related to nocturnal sleep, night workers were evaluated for the presence or absence of insomnia episodes during sleep i) at night, ii) during the day, and iii) both nighttime and daytime.
The kappa statistic was used to assess the reliability of sleep variables. The kappa value for insomnia complaints among day workers was 0.63 (95%CI=0.36-0.89), indicating substantial stability. For night workers, kappa values for nocturnal and diurnal insomnia complaints were 0.60 (95%CI=0.38-0.82) and 0.50 (95%CI=0.22-0.78), indicating substantial and moderate agreement, respectively (25) .
Data analysis
Descriptive analyses of socio-demographic, lifestyle, and work-related variables were performed using the chisquare or Mann-Whitney test (P,0.05). Tests were used to screen potential confounders, including age, race, smoking and alcohol habits, body mass index, physical activity, marital status, monthly family income, education level, professional and domestic work hours, professional category, time spent on nursing activities, number of jobs, demand-control and effort-reward imbalance (effortreward cutoff was the third tertile). Variables showing at least minimal association (P,0.20) with the outcome and the exposure and variables described in the literature as potential confounders were selected for inclusion in multiple logistic regression models. The logistic regression was used to test the association between insomnia complaints and self-reporting of physician diagnosis of CVDs. All analyses were performed separately for day and night workers, with results reported as odds ratios (OR) and 95%CI. The SPSS software (version 18.0; SPSS Inc., USA) was used for data analysis.
Results
Most workers were nursing aides/assistants (78.9%). Professional nurses were younger than the nursing aides/ assistants (35.4 vs 38.2 years old; P=0.032) and had a higher income (US$498.80 vs US$280.60; P,0.001). The professional work hours (P=0.278), domestic work hours (P=0.828), number of jobs (P=0.721), smoking habits (P=0.125), and marital situation (P=0.140) of professional nurses and nursing aides/assistants were not significantly different. Neither insomnia complaints nor CVDs were significantly different between professional nurses and nursing aides/assistants. The proportions of professional nurses and nursing aides/assistants did not differ between groups; therefore, the data for all workers within each group were combined for all analyses.
The mean (±SD) age of workers was 37.6±13.2 years. The average durations of nursing work were 10.7±11.4 and 13.5±11.2 years, and the average numbers of professional work hours worked per week were 40.5±12.1 and 45.1±17.0 for day and night workers, respectively. The prevalence of self-reported physician diagnosis of CVD was 18% among day workers and 21% among night workers. Nocturnal insomnia complaints were reported by 23% and 24% of day and night workers, respectively. The prevalence of diurnal sleep-related insomnia complaints was 35% among night workers, 13% of whom reported both diurnal and nocturnal sleep-related insomnia complaints. Table 1 shows that participants who reported CVDs were older, worked more hours per week (combined professional and domestic activities), and were more often overweight or obese than those who did not reported having a diagnosis of CVD. Table 2 describes the socio-demographic and work characteristics of nursing workers with insomnia complaints. Among the day workers, 27% reported CVDs; 35% of night workers with both day and night insomnia complaints reported CVDs, and 53.5% were classified in the group exposed to effort-reward imbalance. Night workers with complaints of day and night insomnia worked longer domestic hours than did those without complaints of day and night insomnia (24.5 and 17.8 hours, respectively).
The association between insomnia and self-reported CVD diagnosis was statistically significant after adjusting for socio-demographic, lifestyle, and work-related variables. Among day workers, nocturnal insomnia complaints increased the chances of self-reported physician diagnosis of CVDs 2.79-fold (95% CI=1.01-6.71) compared with those with no insomnia complaints. Among night workers, diurnal and nocturnal insomnia complaints increased the odds of self-reported physician diagnosis of CVDs (OR=3.07, 95% CI=1.30-7.24; Table 3 ).
Discussion
In the present study, insomnia complaints were associated with self-reported physician diagnosis of CVDs among day workers. The same result was observed for night workers, provided that both diurnal and nocturnal sleep episodes were considered. It is noteworthy that these associations were adjusted for several confounding factors, including psychosocial aspects known to be related to CVD and insomnia.
The probability of self-reporting a physician diagnosis of CVD was similar for day and night workers with insomnia, suggesting that this was associated with insomnia and not to night work per se. This result helps to disentangle the relationships among insomnia, night work, and CVD.
Prospective epidemiological studies conducted in the general population have revealed associations between insomnia and CVD. Chien (26) found that the risk of developing CVD was 1.78-times greater in individuals who reported insomnia than in those who did not. Another recent study showed that complaints of difficulty falling asleep and maintaining sleep were associated with increases of 45% and 30%, respectively, in the risk of acute myocardial infarction (27) . Phillips and Mannino (28) observed that the risk of developing CVD was 50% greater in participants who had difficulty falling asleep, awoke repeatedly, and woke feeling tired than in those without such complaints. A review of insomnia and CVDs (1) pointed out that resting heart rates tend to be slightly elevated in individuals with insomnia, which can increase cardiovascular risk.
Night shifts and rotating shifts have been associated with several chronic diseases, including CVD (8) . Nevertheless, the prevalence of CVD did not differ in day and night workers in the present study. Night workers are exposed both to cardiovascular risks common to the general population and to circadian misalignment due to the negative influence of night work on the cardiovascular system (10). Also, a higher prevalence of insomnia complaints among night workers compared to day workers would be expected because of the negative effect of night work on sleep (29) (30) (31) . However, in this study, day and night workers did not differ with regard to night-sleep difficulties, confirming previous data gathered from nursing professionals (32) . The similarity of night-sleep insomnia complaints in night-and day-shift workers is Yes (n=84) No (n=140) Yes (n=76) No (n=293) Yes ( Data are reported as means±SD or otherwise indicated. * P,0.05, statistically significant association (chi-square or Mann-Whitney test).
consistent with the findings of Akerstedt et al. (33) who conducted a questionnaire-based survey of a representative sample of the Swedish population. They reported that night-shift workers did not consider shift work as a major source of sleep disturbances, and observed that ''their complaint levels bear no resemblance to those seen in insomniac patients''. The authors argued that shift workers might not consider their sleep to be disturbed and that sleep disturbances may partly ''be overlooked and/or considered part of the job'' (33) . In their study, the similarity of nocturnal-sleep insomnia complaints made by day-and night-shift workers may be explained by the exclusive analysis of night sleep, which is the most common study design. Among night workers, the OR of self-reporting a physician diagnosis of CVD related to nocturnal sleep complaints (OR=1.81) was much smaller than that for both nocturnal and diurnal sleep (OR=2.79). The findings of this study reveal the importance of not restricting the analyses of insomnia to nocturnal sleep in the case of night workers. Moreover, in that group, the higher prevalence of day-compared with night-sleep insomnia complaints (35% vs 24%) shows that the exclusive analysis of complaints referring to night sleep does not capture the entire impact of work schedules and highlights the relevance of considering all sleep episodes. This importance stems from the fact that night workers often sleep during the day and are also exposed to difficulties of a chronobiological nature, with health implications (15) .
A potential biological explanation for the association of insomnia and sleep debt with cardiovascular risks (34) is related to an association of insomnia with both glucose metabolism disorders and high blood pressure. This relationship cannot be described as a linear cascade; rather, it is a complex, multifactorial process involving a neuro-endocrine-metabolic network (35) . Several studies have shown that sleep deprivation increases sympathetic nervous system activity, leading to increased blood pressure and heart rate (36, 37) . Inflammation is also pointed out as a possible explanation for this association (1). Meier-Ewert (38) reported that inadequate sleep might increase the risk of CVD in apparently healthy individuals due to the activation of inflammatory processes, which could contribute to the association between sleep complaints and cardiovascular morbidity. Furthermore, the combined effects of overtime work and insufficient sleep may critically increase nervous system activity, potentially inducing acute myocardial infarction (39) .
Several limitations of this study should be considered. First, it did not examine the direction of causality in the association between sleep problems and cardiovascular outcomes; a reverse causality is possible. Barone and Menna-Barreto (35) described the interaction of diabetes, which is strongly associated with cardiovascular risk, and sleep as a vicious cycle. Second, although the analyses performed in this study were adjusted for potential confounding factors, the possibility of residual effects or those of uncontrolled variables cannot be excluded. Third, because CVDs were evaluated on the basis of selfreported medical diagnoses, the data were subject to reporting bias. However, this bias was not expected to differ between day and night workers. Metabolic diseases, immune system disorders, and depression, all of which could influence the relations between the studied exposure and the outcome were not investigated. Also, the prevalence of both CVD and insomnia complaints observed in this study may have been influenced by the ''healthy worker effect'', in which there is a selection of those more tolerant to work and who tend to be healthier (15) . Finally, the data collection instrument used in this study included work-related factors, questions about professional work hours, and two psychosocial scales (demand-control and effort-reward imbalance). As argued by McNeely (40) , studies that investigate the health effects of nurses' work typically measure only physical or psychological demands, resulting in underestimations.
In the present study, other organizational and psychosocial aspects that were not considered may have influenced the results. Studies of the relationship between shift work and cardiovascular risk face the difficulty of accounting for heterogeneity of individual work schedules and the number of working nights per week (9) . In the present study, night workers worked exclusively at night and day workers had no previous night work experience. This distinction reduced heterogeneity among workers and constitutes a study strength.
In sum, this study has two main contributions. First, it demonstrates the relevance of evaluating sleep according to work shift and sleep pattern (nocturnal and/or diurnal episodes), which has not been previously reported in the literature. Second, workers with insomnia have similar chances of reporting CVD regardless of their work schedule, thus suggesting that this is related to insomnia and not to night work per se. Finally, the study indicates that sleep disturbance is a public health problem that deserves to be better understood and addressed by both policymakers and workers themselves. As insomnia is the most common sleep complaint, our findings highlight the importance of considering all sleep episodes on the investigation and treatment of insomnia in patients with CVD.
